atherogenic dyslipidemia, elevated blood pressure (BP), and insulin resistance (IR) that increase the risk of developing cardiovascular disease (CVD). Menopause is associated with all components of MetS. As the average life expectancy has increased during the past decades, women will spend an increasing duration in menopause. MetS will likely increase dramatically in women around the world. [3] Menopausal hormone therapy (MHT) was originally prescribed primarily to treat vasomotor symptoms, but had been increasingly viewed as a way to forestall many chronic diseases of aging, including MetS and osteoporosis. [4] Regarding MetS, orally administered conjugated equine estrogens (CEEs) or estradiol alone has been shown to lower low-density lipoprotein cholesterol (LDL-C) and total cholesterol (TC) and to increase high-density lipoprotein cholesterol (HDL-C); however, CEE and estradiol were also associated with increases in triglycerides (TG). [5] The addition of progestogens may, however, affect some of the beneficial effects of estrogen, which may be dependent on the dosage and structure of the progestogens. Heterogeneity exists in the lipid profile response to MHT, which may be due to the differences in MHT composition, doses, dosing regimen, route of administration, compliance, etc.
Several large randomized controlled trials have explored the effect of MHT on the components of MetS. [6] [7] [8] [9] [10] The durations of the studies were long with a span of 2-5.2 years. They consistently found beneficial effects of MHT on metabolic homeostasis. However, the estrogens used in these studies were all standard-dose CEE or estradiol, and the progestogens were medroxyprogesterone acetate (MPA) or norethisterone acetate, which suppressed the favorable effects of estrogen than natural progesterone. In our study, standard-and half-dose CEEs were chosen to compare their effect on the components of MetS. In addition, we chose natural micronized progesterone (MP) and dydrogesterone, which lack androgenic effect and had less unfavorable effect on metabolic homeostasis, to explore the beneficial effect of CEE on the components of MetS.
Methods

Study design
This was a prospective, open-label, randomized controlled clinical trial conducted at Peking Union Medical College Hospital (PUMCH) in China, between February 2014 and December 2015. Participants were all apparently healthy postmenopausal women with intact uteri seeking treatment for menopausal symptoms. They were aged between 40 and 60 years and experienced spontaneous amenorrhea for ≥6 months and ≤5 years with serum follicle-stimulating hormone levels >40 mU/ml and serum estradiol <30 pg/ml. They were required to have an indication for MHT, which was evaluated by the investigator. No contraindication for MHT was also included in the inclusion criteria. Exclusion criteria were any of the following conditions: a uterine myoma with a diameter >3 cm; endometriosis with obvious symptoms and signs; uncontrolled diabetes and severe hypertension; thromboembolic disease history or inclination for thromboembolic diseases; epilepsy; asthma; hyperprolactinemia; a history of breast cancer among the first-degree relatives; and presence of clinically significant disease. Women who abused alcohol or drugs within 3 months of enrollment and those who smoked above 20 cigarettes per day were also excluded from the study. Other exclusion criteria were use of estrogen/progestin products within 3 months; a endometrial thickness of ≥5 mm even after progestin withdrawal; and allergic to any ingredient of the drug. The study was approved by the Ethics Committee of PUMCH (No. S-648, dated February 20, 2014) and conducted in accordance with the Declaration of Helsinki and the International Conference on Harmonization Guideline E6: Good Clinical Practice. All participants provided written informed consent before the study entry.
During consultation, all participants underwent a thorough clinical evaluation, including physical, breast, gynecological examinations, laboratory evaluations, transvaginal ultrasonography, mammography, and dual-energy X-ray absorptiometry (DEXA). All participants were given a number according to their order of inclusion in the study. Randomization process was conducted using IBM SPSS Statistics version 20 (IBM, Armonk, NY, USA) of the study protocol. The women were randomly assigned to three groups: Group A (n = 41) received 0.3 mg CEE (Xinjiang Xinziyuan Pharmaceutical Co., Ltd., China) and 100 mg MP (Zhejiang Xianju Pharmaceutical Co., Ltd., China) daily; Group B (n = 41) received 0.625 mg CEE and 100 mg MP daily; and Group C (n = 41) received 0.625 mg CEE and 10 mg dydrogesterone (Solvay Pharmaceuticals, Inc., France) daily. All drugs were given orally. The CEE was given once daily for consecutive 28 days with progestogen added once daily at the 17 th day of CEE use for 12 days. The following cycle would begin without discontinuation of drugs. All drugs were required to be taken before sleep at night to avoid side effects such as dizziness brought by taking progesterone. The participants who received supplementation were instructed to return with capsule containers at each visit to record the medication that was not used and to establish compliance. Duration of the treatment was 12 cycles. The assessments were performed at 0 (baseline) and 12 months. Figure 1 shows flowchart of this study.
Assessments
The anthropometric data included weight, height, body mass index (BMI = weight/height 2 ), and waist and hip circumference. Waist circumference (WC) was measured at the midpoint between the lowest rib and the top of the iliac crest. The hip circumference was measured at the maximum circumference over the buttocks. These measurements for the anthropometric data and BPs were performed by a single evaluator. DEXA instrument (Lunar Prodigy, GE ® , USA) was used to measure body composition, and the examination was performed by a single examiner. Blood samples were collected from each participant after 12 h of fasting at baseline and at 12 months. After centrifugation to remove the clot, sera underwent biochemical analysis immediately. Lipid parameters and fasting glucose were processed by an automated analyzer, AU5800 ® (Beckman Coulter, USA). Insulin was quantified using the ADVIA Centaur XP ® (Siemens ® , Germany), which uses chemiluminescent immunoassay. To evaluate IR, we used a method that was based on statistical measurement of two plasma components: insulin and fasting glucose. Homeostasis model assessment-IR (HOMA-IR) was calculated using the following formula: insulin (mU/ml) × fasting glucose (mg/L)/405. IR was defined as HOMA-IR >2.7.
[11]
Statistical analysis
Data were analyzed according to intention-to-treat analysis, including all participants in each group. The quantitative variables were shown as mean ± standard deviation (SD), and qualitative variables were presented as frequencies and percentages. In case of quantitative variables, Student's t-test was used. In case of quantitative variables where data were not normally distributed, Kruskal-Wallis test and Wilcoxon Mann-Whitney test were used. Analysis of variance was used to explore the effect of drugs across various groups in case of continuous variables. A P < 0.05 was considered statistically significant. Analyses were performed using the IBM SPSS statistics version 20 (IBM, Armonk, NY, USA).
results
Baseline characteristics of all participants
Of all women screened, 123 women were randomized. During 12 months of follow-up, no one was withdrawn due to intolerable side effects, but 15 women were withdrawn due to concerns about MHT and one due to lost to follow-up. Finally, 107 participants completed the 12-month follow-up and were included in the data analysis. They were treated with CEE 0.3 mg/MP 100 mg (n = 35, Group A), CEE 0.625 mg/MP 100 mg (n = 37, Group B), or CEE 0.625 mg/ dydrogesterone 10 mg (n = 35, Group C). The overall rate of discontinuation among the three groups was similar (14.6%, 9.8%, and 14.6%, respectively). A comparison of baseline characteristics of postmenopausal women among the three groups is presented in Table 1 . No significant difference was found among and between groups for all variables (all P > 0.05).
Lipid and carbohydrate parameters
The comparison of lipid and carbohydrate parameters between baseline and 12 months after treatment is presented in Table 2 . The Groups B and C (receiving standard-dose CEE) showed a significant increase in HDL-C level at 12 months after treatment (P = 0.033 in Group B; P = 0.006 in Group C) while HDL-C level in Group A (the half-dose CEE) did not significantly changed (P = 0.519), compared with baseline. The mean increases of HDL-C levels in Groups B and C were similar (P = 0.679) and were significantly more than that in Group A (P = 0.012 and P = 0.024, respectively). The LDL-C levels were decreased at 12 months after treatment in Groups B and C by 9.6% and 12.9%, respectively, compared with baseline (P = 0.039 in Group B; P = 0.029 in Group C), without significant difference between the two groups (P = 0.524). In Group A, no significant change was observed in LDL-C level compared with baseline (P = 0.426). The change of LDL-C level in Group B and Group C was significantly higher than that in Group A (P = 0.026 and P = 0.014, respectively). TC levels in each group were all decreased but without significant difference compared with baseline (all P > 0.05).
Triglyceride level in Group C increased significantly by 33.1% at 12-month treatment compared with baseline (P = 0.026), and the significant difference was found in triglyceride level at 12 months after treatment between Groups A and C (P < 0.001); although triglyceride level in Group B also increased by 30.0% at 12 months after treatment compared with baseline, but the difference was not significant (P = 0.140). Moreover, the elevations in Groups B and C were also comparable (P = 0.342).
The levels of apolipoprotein A at 12 months after treatment in Groups B and C significantly increased by 9.4% and 13.2% compared with baseline and were significantly more than that of Group A (P = 0.005 and P = 0.002, respectively). Apolipoprotein B levels of the three groups did not change significantly at 12 months after treatment compared with baseline and were comparable among the three groups (all P > 0.05).
The levels of fasting glucose decreased significantly in both Group B (by 12.0%, P = 0.003) and Group C (by 9.7%, P = 0.006) at 12 months after treatment compared with baseline, and no significant difference was found between these two groups (P = 0.573). In Group A, the level of fasting glucose increased slightly compared with baseline, but without a significant difference (P = 0.103). Compared with baseline, levels of glycosylated hemoglobin (HbA1c) decreased significantly in Groups B and C (P = 0.037 and P = 0.012, respectively) and increased slightly in Group A (P = 0.645) at 12 months after treatment. The levels of fasting insulin in three groups did not reach significance at 12 months after treatment compared with baseline and were comparable among the three groups (all P > 0.05), as was also the case in HOMA-IR.
Body composition and blood pressure
After 12-month treatment, no significant increases in BMI were found in any of the three groups compared with baseline, so as to WC and total fat mass. Waist-hip ratio decreased significantly in Group C at 12 months after treatment compared with baseline (P = 0.004), but there were no significant differences in waist-hip ratio at 12 months between Group C and other two groups (all P > 0.05). There were no significant differences in systolic BP among the three groups. A significant decrease in diastolic BP compared with baseline was found in Group A [P = 0.007; Table 3 ].
dIscussIon
Our study demonstrated that the effect of standard-dose CEE supplementation was better than that of half-dose CEE on the parameters of MetS components among generally healthy postmenopausal women in China. Adding natural MP will not increase triglyceride levels compared with adding dydrogesterone after 12-month continuous sequential MHT. The CEE 0.625 mg/MP 100 mg and CEE 0.625 mg/dydrogesterone 10 mg resulted in improvements of HDL-C, LDL-C, apolipoprotein A, fasting glucose, and HbA1c levels, compared with CEE 0.3 mg/MP 100 mg at 12 months of treatment. However, CEE 0.625 mg/dydrogesterone 10 mg increased the triglyceride levels compared with the other two groups. All the three groups had neutral effects on TC, apolipoprotein B, and fasting insulin levels.
The alterations of lipid profile during perimenopause and after menopause are toward a more atherogenic direction, with increased levels of LDL-C and TG and decreased levels of HDL-C although the mechanisms behind these changes are unknown. All large randomized controlled trials for MHT using CEE, including postmenopausal estrogen/progestin interventions (PEPI), Heart and Estrogen/Progestin Replacement Study (HERS), and Women's Health Initiative (WHI) trials, confirmed that MHT produced a reduction in LDL-C, an increase in HDL-C, and an increase in TG compared with placebo. [10, 12, 13] In the PEPI trial, the greatest increase in HDL-C was seen with oral administration of CEE alone and the HDL-C increase was attenuated in women treated with a combination of CEE and progestin (least with micronized progestin and most with MPA). [10] CEE 0.625 mg/d plus cyclic MP 200 mg/d 12 d/months for 3 years increased HDL-C by 0.11 mmol/L. The HERS trial (CEE 0.625 mg/MPA 2.5 mg) found a mean LDL-C decreased by 11%, mean HDL-C increased by 6%, and mean TG levels increased by 7%. Our study found that a 12-month continuous sequential oral intake of 0.625 mg CEE combined with 100 mg MP or 10 mg dydrogesterone daily could increase HDL-C by 12.2-16.2% and decrease LDL-C by 9.6-12.9%. Half-dosage CEE seemed not to make any improvement in lipid profile. Compared with other major trials, the better improvement of LDL-C and HDL-C in our trial attributable to the progestin part was MP and dydrogesterone or racial differences. Another interesting issue found in our trial was that adding MP to standard-dosage CEE seemed not to improve triglyceride levels (P = 0.140) although this might due to small sample size of our trial.
Our findings were consistent with the results of large randomized controlled trials and observational studies of MHT on apparently healthy postmenopausal women, which found decreased fasting glucose levels [10, [14] [15] [16] and hemoglobin A1C levels, [17] [18] [19] but this only referred to standard-dosage CEE, not half-dosage CEE. In the PEPI trial, 875 younger postmenopausal women (45-64 years of age) were followed up for 3 years and a statistically significant decrease of 2-3% in fasting glucose level (P < 0.03) was found. [10] Our study found no significant change in fasting glucose in women taking 0.3 mg CEE daily continuously with sequential natural MP 100 mg daily for 12 days, but found a significant decrease in fasting glucose level for those who take 0.625 mg CEE daily (12% when MP added, P = 0.003; 9.7% when dydrogesterone added, P = 0.006). No significant difference was found in fasting glucose level after 12 months of treatment between Group B and Group C (P = 0.573). This suggested that the treatment benefit on fasting glucose level might be attributable to the estrogen component, but did not change when progestin was added.
Several studies have reported favorable effects of MHT on BMI, abdominal fat, and waist-hip ratio. Our study demonstrated that 12-month continuous sequential supplement of CEE 0.3 mg/MP 100 mg, CEE 0.625 mg/MP 100 mg, or CEE 0.625 mg/dydrogesterone 10 mg did not alter BMI, WC, and total fat mass (TFM). However, CEE 0.625 mg/dydrogesterone 10 mg could reduce waist-hip ratio slightly but significantly by 3.8% (P = 0.004). The WHI trial (CEE 0.625 mg/MPA 2.5 mg) showed a statistically significant decrease in BMI (−0.19 ± 0.04, P < 0.01) and WC (0.77 ± 0.10 cm, P < 0.01) during the 1 st year of treatment. [20] The HERS (HERS; CE 0.625 mg/MPA 2.5 mg) also found that women receiving MHT experienced slight but significant weight loss (−0.5 kg), decreased BMI (−0.2 kg/m 2 ), and decreased abdominal obesity (waist hip ratio: −0.01; WC: −0.8 cm) during follow-up, compared with placebo. [8] All women in the PEPI trial (CEE 0.625 mg/d + MPA 2.5 mg or MP 200 mg) gained weight, but the mean increase from baseline was smaller among women assigned to unopposed CEE at 3 years of follow-up. [10] The half-dose CEE group reduced diastolic pressure significantly by 8.7%. This might be due to the reduced protective effect of half-dose CEE compared with standard-dose CEE on elasticity of the vascular wall. And, this was supported by a pile of basic researches. [21] [22] [23] [24] MHT affects many metabolic processes that have a potential influence on CVD risk. The randomized controlled trials provided evidence that MHT products may differ substantially with regard to their impact on the components of MetS parameters, which depend on the estrogen and progestin used, as well as regimen, dosage, and routes of administration. The favorable effects of MHT on the components of MetS parameters may be in a CEE dose-dependent manner, which explained why standard-dosage CEE was effective in improving serum lipid and sugar parameters while half-dosage CEE was not in our trial. Adding MP or dydrogesterone has similar effects on biochemical markers of MetS, but adding 100 mg MP daily sequentially for 10 days may not improve TG level. Larger sample size is needed to further prove this phenomenon. Our study will follow the participants for the extended 12 months to further discover the 24-month effects of the three MHT regimens on MetS parameters.
In conclusion, among Chinese postmenopausal women, half-dose CEE was not sufficient to induce a favorable lipid and carbohydrate profile compared with standard-dose CEE. Adding natural MP may counterbalance the TG-increasing effect of CEE. 
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